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"This progress report covers the nonLh of 1 Decembc1 thxounh

.

) . [ )
31 Decewber 19€3 and is submitted in accorqancc with the terms

"
fa

pds

the aubj gct contract. ’ g § . -

.

R " Thze objectives of this program include: paramgtrzc ana1y513 of

20- and 30 foot diameter one-piece electloformed Wirrors, the establish~
nent 3* quLLawle conceptual des1ﬁns dnd 1anufactuf1ng methods for-20-
and 3C- fooL diameter e}:ctroforned 'oncentlators, prediction of concen-
“tratcr pcrfornance, and experlmcntax grinding and polishing studies
of materials for large masters. ] N "
o This report summarlzes reflectivity tests of samples prior to
vicroﬁetéoriue degradation tests, time averaged orientation eff1c1ehcy
'aSSJnvtlons, ‘bilade grinding and pollshlng, structural and thermal
analysis. A bar chart schedulc, a work progress estlmate, and plans
for the *emaindar of the ccqtract are also- 1uc1udcd

- Design 1ecovrmndatlons werp also subnltted in a 1eLter to NASA- -

o

Lew:s durlng the reportlng period. ‘ L /gédﬁzéJL/
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9 :l., . INIRODUCTION - . .

The feasibility of a practical solar Bra&ton cycle space electric

‘Y o » ' - . !
power system is dependent on the development of a suitable solar con-

centrator. Highly accurate concentrator mifrors; which are nccessary

PR N T A

to maximize system efflclency and reduce orientation requirements,
have’ ‘been fabricated up to fjve-feet in dlametef by one - plecc electro-

formlng constructlon meLhod . a

' Pieqently the Saturn S-43 and S 2 stages permLL max;mum mirror

diameters of 20 feet and 30 feet 1e3peLL1vely Slnce one-plece electro~

"

formed mirrors of this.size hdve not been fabricated to‘date, some

\

design. and manufactu11ng problems,must be studied Ain more detail,

'Therefore, the ob;cctlves of thla program are to: = - - ’ \ -

1. Conduct parametrlc analysis of specified, varxables that &

. %niluence Lne pcrfoxmance and eff1¢1oncy of 20~ to 30- Xb

foot one- piece, fixed solar concentrators. v Y x

2. Establlsh a conceptional d051gn of a conacntrdtor utlllb

*electrofromed nickel construction suitable for use with the‘

bl

specified Brayton cyc]e power system,

v
v

3. Accurately predlct the concentrator performance both, under
ground m¢st constions and for orbital applicatxono, 1n///

space up td one year duration. . | ‘ T /{

K

4, Perform experlmental mastcr>gr1nd1ng and pollshlng/sLudles,

to demothlaLe larbe master fabrtcatlen tcchﬁiques.

'
! " “

The provxous repost summari.ze ‘the 1n1Lia1 work om deai?n con»
figuxation deflnltlons, prelim;nary designs, surface coatiny 1nvesL1~

gations, computer progxams and calculations of optical errors, Lhermal

U

u

! g .
v . g oty

: . ‘ ' . . - - | . ‘ W
4150~M=6 cos . SO r oY /{//T//i/ ‘
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‘1nclud1ng the construction. of two sample Llecgpdformed mirrorsy ‘
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effects, structural analysis approaqh and calculation$, manufacturing
details, and experxmental pollshkng. .

This roport ¢ummarlzoo progress and data on re flect1v1ty samplcs
for micremeteorite Le Ls, time averaged orlentation efficiency ;
computation dSSUmpthno, blade grinding and pOl“&hlng, structural axd
thermal analysis. ? - ‘

. Design recommcndations vere submitted for approval during the.
reporting period in a ‘$eparate letter. ,
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2, ESTIMATRD WORK PLRFORMANCL AND BAR CHART CALINDAR SLHEDULES ‘ oy
e A numerical percentagg estlmate of work performan0u is gchn by
.. Table

2-1. along with cross referenpes between the’ Task Summary sections
iu Section 3 of this

report and the cgrrelatlve sections of the contiact
: work statement The calendar bar chart séhedples are shown in Figs. - o '
- . - R n ¢
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" beam made an angle of inc1dence of 34° with the reflective surfaces,

gKare caused ‘by the thCkﬂCSo varlations of’Lhe aillcon monoxide over

i)

3.  PROGRAM SUMMARY =

3.1 Desipgn Configurations

This phase of ‘the program is complete,

3.2 Preliminary Design ) I

"

Recommendations for the final design of one-piece electro-

©

formed Brayton Eyclc collectors were submitted to NASA/LewiS for

approval,

'

3.3 Surface Coatings ‘ . o o

fﬁe reflectance measurements of ‘samples submitted to NASA/'
Lewis for n1cr0meteor1te testing plus those control sample retained
by -EOS are listed in Table 3-1. fhe samples were measured aL 0,625,
0.7, and 1.0 microns WLLh a Bcckman DU spectrophotometer * Each

" ,
sample was mecasured 'a minimum of three tlmes. The reflectivity
measurement given is an averhge‘of'thgse thrge readings. Reflectance
ﬁedsugements were made by the goniomcter method, The 100 pqrqent'
refieét§ﬁég level, is-measured by placing the photGEcll‘in ;iné thhr 7
the s%ectrophotomcter beam and an aluminum standard'islfeféxenced in S
the testing of each sample. During Leflcctance measurements andeyu‘ 7

checks with. the aluminum reference vtandald the spectroPhomeeter

" v N ) R
o

The reflectanCL measurements of saw Pleo 1 to’ 1 groups 1 ) Lo

“
W H

'Lhrough 4,'corrclatc closely with each other -and w*Lh publmshed » L
reflectarice data: The mak Laum variatlon betweon samples mehin a A !
‘group is” 1.3 percent which indicatgq the reproducibility between | ,

meauuremcnts and LoaLing ampleu.
Reflectanec variatlohs among samples withln groups 5 and 6

coating.\ The ullicon monoxlde overcoating acts as a selchJvc spﬂctrdl

N
<, N

P . " . Lo -
/ u o \s

L150-M-6 : I :



TABLE 3-1
{continued)

-Raflectance

Group - Sanple Before SN After - Loss
i
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] ;
i
;
CTABLE -1 - y
{continued) - i}
1.0, TEST WAVELEXGTH ;
i
Reﬁlcctan-':é
Group " Sample - ‘Befcﬁce ‘ After Loss
1 i 74.6 7
2 ib, 7
- 3 759
2 1 98,5 7
2 : 98.3
- 3 256.6
3 1 C94.G -
C2 ) 94,3 i
3 ‘ 94.0
4 1 94,2 1 °
‘ 2 94.3 .
3 93.2
e 5 1 93'1 z: o
R 2 21.7 ’
. 3 91.5 =
) N 4 ; 92.5 ©
5 . 1 Y 92,67
- 2 - . 83.9 -
. 3 92.1, °
¢ l} {' 8500 ) u‘
” 3 :
o / “ o 5 u .
. X NS Ly . «
C4150<M=6 . -y w1000
: , kg ( .




ROTES Ol TABLE 3-1

i.  Group:
1. Bare electroformed nickel ‘

- 2. Chemically deposited silver, 600 to‘lbbo.guthick

i. VYacuum deposited: chromium 100 R, aluminuﬁ 1000.. %

.

S ¢‘ s -
4. Vacuum deposited: -chromium 100" ] silicon mitnoxide 2500 R
: aluninum 1000 A

Q

5. Vacuum deposited: chromium 100 R, silicon monoxide 2500 X
: aluyminum 1000 R, silicon momouxide 2500 R
6. Vacuum deposited: chromium 100 R, silicon monoxide 2560 2
aluminum 1000 %, §ilicon monoxide 20,000 $

[
.

" Before:
Refers to sample reflectance before micrometeorite tests
——

_Samples 1 and 2 were sent to NASA/Lewis.” Sample 3 was Yetained
by EOS as a control sample. ‘ ' ’

3. Samples:

[

*The 100.1 percent silver reflectance measurement indicates that

b,
.the experimental error was in the order of *0.6 percent.
R . . 7
) ‘ - /’/,/ ‘ ’ ”l
. Ve i
’ e i
g |
// -~ U‘
e /
’ - L J /
o y
; - » ] ¥
. - i
4150=M-6 Co : 1 g
© v 1} !
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T

COlOlo, i.e., tho samples within a group did not have maximum absorp-

flLLLT Visual observation of these. samples ihdicatcd a tange~of

0

tion at the same anC1enth._ This observation correlated with the

reflectance measurements,

34 Opticél Exrzor Analvysis A

3.4.1. Tiue Avéraged Misorientation 4 )
The time averaged misorientation values for cavity

emissivities of 0.'. 0. 6, axd 0. 9, referred to qn page 19 of- the

November Montmxv Renort were derived from effxcxﬁrcy curves calculated

- from Eq., 3.3 of Lhe Oe%obel Monthly Report: ‘ P
. o N . C . 4 )
5 2 o neEy _ él_ T ‘18“ QT
memyg Lo (L~ -e) LA 1= (L- e)(l - cl) CH

These calcuiated~efficiencies for "eray" body cavity absorberé
O y i } 2

- assumed the following: e

A, - aperture area = . '\ 2
A, - CdVle arca, constant for all 705 inches™-
2 cases 21,9 .
Lol o R
g - cav1ty length Lo\aperture radlus =
rat . ‘o B
ratio® S
1 £ i
- concnntra* ion Latio it
) Do
D - collector didmeter ‘ 360 inches
- € -Vcav1ty crissivity =’abécrptiyity 0.3, 0.6,.0.7 - S
v s " . 2
‘H_ - solar constant i T 442,7 -BTU/ hr-ft : ,
f n_ - 1uteLcchcd pexcent of reflected - )
& energy, varies with r . U v . e
‘ r < cavit perture radius . SRS V] 1nches (the minl- oo
- R N . - mum computed by the optical
T o ] program for a .60° colleqﬁor)
, Tl - éavigy temperature - ‘ . 2110%R (asﬁuned copstant)
§ - form factor. See Fig. A-3, Ref, 1 varies ‘with A /Aga F, and
» ' cavity shape g ( - i )
Vo - . o, - . S , X "
oy v
H150-M~6 S N - : .



T2

o

+ © r ¢
3. . v .

. L ' The increase of § and A, and therdecréase in C‘with‘

" increas ing r decrcases the overall mxrror cav1tv absorber efflclency
apprec1ab1y, compared to a blackbody cav1ty absoxber, for gray body
gbsorbers, = . '

x + More scphlstlcated analyses now beiﬁg generated by *
Dr.. Shlenk, consultant to - Alllson, gnd A. Lowi of; Aero ﬁace’confirms
“this type of e£f1c1cncy drOp Jor gray. ‘body absorberu Even higher
efficiency losses could be uncounrered for many mlrﬁor error and caV1ty

it

Lemperature dlstxxbutlons. . f

i

/
‘/

1
i

3 4.2 Thermal Mapplng = : .

i Transient temperature profiles héve now been calculated
H
fof seven different collector points, see Fig. 3 1 to 3-5:
o

Poxnt 1 -:cenLral collector uhall ”” 4
" #2 - collector shell cdbo e ﬁ/oa ; ‘ R g
. ) 3 - torus B gﬁé‘ o
= 4 -:collcctor she’l edge Q%@= 90° .. g
C .. 5 - ‘torus o - ;ﬁ‘= 90° ‘
L C - 6o @bllector sliell edge </W‘54180? 2 A :: .
“ Y 7 - torus A ‘ ' ?ﬁ v o= léOO : o " ‘Q
“~‘ ‘ Tlgure 3-1 explains thﬂ location terminology. These L

cases use the same equatlons and as sumleong d*scuSSed in “the Novembe1 s
Monthly Report‘ Caoest and 2, described ‘therein ‘have been redes;gnatod

as Point 1- :/36”1ncnes (36~anh radlator he:ght) and Point 1 - ‘60 inches- - . N
-(GOdinch/iadlator helght) Flgure 3«2 shows the revisions. Cases 2 . T
through 7° used “a 60= inch ladiator Pointlllhad a thickness of 0,009 inch, ;
points 2, 4.and 6 2 0.0128 1nch thickne 9 (thls variatxon aepxcts the -

tapered shell) and p01nLo 3, 5 and 7ua O 095 fnch Lhickness, repreuenting

the mass of a 0 030 1nch thick &4~ 1nch dlametcr torus.spread over a flaL . L

4-;ncb upan. . : v \ T < -

o

These points will mow be used to’ depict” a’ thermal map

» ~

<

for peciflc orbit ttmes o"»positlonu. oo . e Sy, .

A\l -

ns0-M-6 ool
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‘ ~— COLLECTOR ORBIT POSITION
‘ 'RELATIVE TO SUN COLLECTOR
AXIS .
. { ORBIT ROTATION

‘\\\
‘ ~—— PLAN Vﬁ'\'\w~ OF
T . - co LLEC”FOR\

Y

AN

: . TQ EARTH CENTER™ ... L N

R T FIG. 3-1 LOCATION OF COLLECTOR POINTS WITH RESPECT -
oL e L 10 “IHE, ORBIT ROTATION AND SUN-EARTH AXIS
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3. 5 Structmral AndIYS)a ] )
1 o ‘ ,
; ) Durlng\and sxnce the repoxtlng perlod additlonal structural

N
-
RN analyoes have beﬂn made in the dreas’ of r"nock, vibration and tllpod P
strut studies, 1)LSQ and previous analyses are now bevng summarized “
» for the final ieport. No addltlona’ data will be summar:z\d herein,
3 6 Manufactullng,and Handllng Consxderatlonq .
O ) 1hls arca will. be surmarized .in the final report. )
- 3.7 Designs ‘ ]
. "7 See Scctlon 3.2, . ) \

P "

3.8 Master Grindlng and POllShlnG

The. 2-foot dlameter master was re surfaced with epo%y. Regr nd-
‘ing and: polishrng 1ndlcated ‘the need for some patch repairs, whlch were
. l~e3511y made. The generatlng blade matches the parabolclddl convex ’ o
”master within 0. 001 inch. A check’ of ‘the curve of the blade prior to
flnc polishing 1nd1cated:that the parabolo;d is accurate to 0,002 1nch
from a true curve. ThlS deviation was the maximum encouqtered over any.
6-inch span“aﬁd represents’ an error of onc mlnute of arc, Since the ,
inherent drafting errors of the layout used to check the parabolold arc
probably 0.002 to 0.005 inch, it can reasonably be expected that the
total error is probably’ les ‘thar’ one mlnute of arc.  This is in the
accuracy range of the ww 11 bO inch blade &round glass seafchlxghts.

The master i nov>ready for Lhe erst repllcation. Ny
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4,  WORK TO BE PERFORMED BEFCRE THE TINAL REFQRT )
4,1 Surface. Ccatihgg C . - ; ‘ f
T . Upon Letuln of the 1LflecLance) ampies now being tested under
il ~
! SLmulated micrometeorite damage at NASA/Luw1s, £1nal Leflectance meastire-
‘ments will be perfqrmed The dlf Feretices betveen 1n1t1aL and final
[T . -
. reflectance measurcmentb on the tested samples in 1elat10ﬂsh1p to the
2w . differences on’ LOHLIOl samples, - w11L be. used" to determlne simulated
- ’ . N T .,) . :
, mlcromcteorlte damage, e e
N : " £ 3]
“ b, 2 Optlcal Error Ana1VS1s o g;» -
T Using the tlansient rempenature va des derived for seven
selected collect01 points, the optlcal and structural erfecta of the
collecfor thelmaﬁ varlatlons w111 be - analy Ld 120, OOO-mlge Orblt " g
- thelmal effects w1ll also ba estimated. ; ~“PH ~f‘ PR
4.3 Structutal Ana}yais S ,"M”
v J
[ Lo
The structural anaiysis admmary w11< iy
: ' v‘:«
\ ompleted ,
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o o 4.5 Design Recommendatitias \ ey R
Nl Lo o . - , \‘ ::‘ e = ’ N N A
) A . " “Final draw;ngs w:ll %f ~\mpﬁtted on the final wollector désign:
o recommondatlons. T T s A
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